Introduction
============

Itopride, a benzamide derivative, has both acetylcholine esterase inhibitory and dopamine D2 receptor antagonist effects.[@b1-dddt-8-123]--[@b3-dddt-8-123] These combined effects make itopride a useful gastroprokinetic agent for the symptomatic treatment of various gastrointestinal disorders, including functional dyspepsia[@b4-dddt-8-123]--[@b7-dddt-8-123] and gastroesophageal reflux disease.[@b2-dddt-8-123] After oral administration, itopride is rapidly absorbed, and peak plasma levels are reached within half an hour.[@b8-dddt-8-123] Furthermore, itopride is metabolized by flavin-containing monooxygenase in the liver, unlike cisapride and mosapride, which are metabolized by cytochrome P450 (CYP) enzymes. In addition, itopride did not inhibit five CYP enzymes, including CYP2C19 and CYP3A4, in a human hepatic microsomal study.[@b9-dddt-8-123] Collectively, these results suggest that itopride is less likely to have drug-drug interactions.

Itopride has been approved to treat functional dyspepsia in South Korea. The current labeled dosing regimen of itopride is oral administration three times a day at 50 mg. Because many gastroprokinetic agents, including itopride, exert their effects through antidopaminergic action,[@b10-dddt-8-123],[@b11-dddt-8-123] maintaining a certain therapeutic level over a sustained period becomes important.[@b12-dddt-8-123] An extended-release (ER) formulation is a good therapeutic option in this regard because it reduces fluctuation in the plasma concentration, while less frequent dosing enhances patient convenience and compliance. Based on this understanding, an ER formulation of itopride at 150 mg was developed, which was intended to be given once daily. The ER formulation of itopride is a capsule, which contains a large number of coated pellets that are released slowly but continuously at different times in the gastrointestinal tract, depending on the composition and amount of coating applied. Therefore, this ER formulation is expected to provide a more steady and sustained level of itopride in the body.

The US Food and Drug Administration recommends that bioavailability studies of an orally administered ER formulation adequately characterize its absorption profile, which may be compared with that of the immediate-release (IR) formulation.[@b13-dddt-8-123] Likewise, the Korean regulatory guidance[@b14-dddt-8-123] states that a bioequivalence study or comparative pharmacokinetic study can be conducted to evaluate the pharmacokinetic profile of a newly developed formulation.

The objective of this study was to evaluate the steady-state systemic exposure to an itopride ER formulation, and to compare it with that of itopride IR in the fasting state. In addition, the effect of food on the bioavailability of itopride ER was assessed.

Materials and methods
=====================

Study participants
------------------

Healthy Korean volunteers aged 22--55 years with a body mass index of 18--27 kg/m^2^ were enrolled if they had no clinically significant abnormalities based on medical history, physical examination, vital signs, 12-lead electrocardiography, and routine clinical laboratory tests (clinical chemistry, hematology, and urinalysis) performed within 3 weeks before enrollment. Subjects were excluded if they had any of the following: a history of clinically significant cardiovascular, respiratory, renal, hepatic, or gastrointestinal disease; a history of alcohol or drug abuse; a history of drug allergy or known hypersensitivity to itopride; or any clinical condition which might affect the absorption, distribution, biotransformation, or excretion of the study drug. Subjects were also excluded if they took any prescription drug, over-the-counter medication, or herbal medications within 14 days before scheduled study drug administration, or smoked more than ten cigarettes per day.

Study design and procedures
---------------------------

This study was conducted using a randomized, open-label, single-center, multiple-dose, three-treatment, three-sequence, crossover design. The following three oral regimens were compared: a single ER tablet of itopride hydrochloride 150 mg given every 24 hours under fasting (regimen A) or fed (regimen B) conditions, and a single IR tablet of itopride hydrochloride 50 mg given 30 minutes before each meal and administered at around 9 am, 2 pm, and 7 pm (regimen C). Eligible subjects randomly received one of the three itopride regimens for 4 days in each period according to one of the following sequences: ABC, BCA, or CAB. There was a 4-day washout between adjacent periods. The subjects were admitted to the Clinical Trials Center at Seoul National University Hospital, Seoul, Korea, on the night before the first day of each period and were confined to the center throughout the whole study period, during which they were discouraged from undertaking any strenuous or athletic activity. A standard diet (\~20%--25% of calories from fat) was provided, and subjects were instructed to sit upright for 4 (regimens A and B) or 2 (regimen C) hours after each administration of the study drug.

Steady-state pharmacokinetic blood samples were obtained on day 4 of each period for regimens A and B at 0 (ie, predose), and 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 16, and 24 hours after dosing. Because regimen C was administered three times a day, the sampling scheme was slightly modified, ie, 0, 0.5, 1, 1.5, 2, 3 and 5 hours after the first and second doses of day 4, and 0, 0.5, 1, 1.5, 2, 3, 5, 7, and 14 hours after the third dose of the day. Blood samples were centrifuged using a refrigerated centrifuge to separate the plasma within one hour of collection, were frozen within 2 hours of collection, and maintained at ≤−20°C until analysis of itopride concentration. Physical examination, vital signs, a 12-lead electrocardiogram, and laboratory tests were conducted throughout the study. Adverse events were captured using a structured questionnaire and spontaneous reports by study participants.

The study protocol and an informed consent form were reviewed and approved by the institutional review board of Seoul National University Hospital. Further, all procedures of the study were conducted in accordance with the principles of the Declaration of Helsinki and Korean Good Clinical Practice Guidelines.

Determination of itopride plasma concentrations
-----------------------------------------------

Plasma concentrations of itopride were determined using high-performance liquid chromatography (1100 series, Agilent Technologies, Santa Clara, CA, USA) coupled with tandem mass spectrometry (API3000, Applied Biosystems/MDS Sciex, Toronto, Canada). After adding 200 μL of glipizide (internal standard) in acetonitrile solution (50 ng/mL) to 50 μL of plasma, the mixture was stirred immediately for 30 seconds and then centrifuged for 5 minutes at 13,000 g, after which 150 μL of 10 mM ammonium acetate with 0.1% formic acid (mobile phase) was added to 50 μL of supernatant. Throughout this process, reconstitution was completed and 10 μL of the reconstituted solution was injected into the liquid chromatography-tandem mass spectrometry system. Chromatographic separation was performed using a Luna C8 column (3 μm, 4 × 2 mm, Phenomenex, Torrance, CA, USA) and the column temperature was maintained at 25°C. All separations were achieved at a flow rate of 0.3 mL per minute.

The plasma concentration of itopride was determined from the standard curve using the ratio between the peak area of itopride and that of the internal standard. We used 1, 4, 20, 100, 200, 500, and 100 ng/mL of itopride solution to construct the calibration curve. The regression correlation coefficients of the calibration curves were \>0.9982. The lowest limit of quantification of itopride was 1 ng/mL. The performance of the assay during sample analysis was evaluated for independently prepared quality control samples at four concentrations (1, 3.2, 200, and 800 ng/mL) in each analytical batch. From these quality control samples, interbatch accuracy ranged from 97.7% to 103.3%, and interbatch precision, expressed as percent coefficient of variation (%CV), ranged from 4.0% to 13.2%. In addition, intrabatch accuracy and precision (%CV) ranged from 86.4% to 101.2% and from 2.8% to 4.1%, respectively.

Pharmacokinetic analysis
------------------------

A noncompartmental analysis was performed using WinNonlin® (Profession Network Version 5.2.1, Pharsight Corporation, Mountain View, CA, USA). The actual sampling time of each subject was used in pharmacokinetic analysis. The following steady-state pharmacokinetic parameters were obtained for each itopride formulation: peak plasma drug concentrations (C~max,ss~), time to reach C~max,ss~ (T~max,ss~), area under the plasma concentration-time curve over 24 hours post dose (AUC~0--24,ss~), and elimination half-life (t~1/2,ss~). C~max,ss~ and T~max,ss~ were obtained directly from the observed values. The terminal elimination rate constant (λ~z~) was estimated by linear regression of the log-linear decline portion of the individual plasma concentration-time data. Next, t~1/2,ss~ was calculated as the natural logarithm of 2 divided by λ~z~. AUC~0--24,ss~ was derived using the trapezoidal rule from 0 to 24 hours post dose for regimens A and B, whereas partial AUCs for 0--5 hours, 5--10 hours, and 10--24 hours post dose was summed for regimen C.

Statistical analysis
--------------------

Given the exploratory nature of the present study, sample size was not based on formal statistical methods, but was considered a reasonable size to address the study objectives. Statistical analysis was performed using Statistical Package for the Social Sciences software (SPSS Korea, Seoul, Korea). Descriptive statistics were used to summarize baseline demographics such as age, body mass index, and body weight, and pharmacokinetic parameters including AUC~0--24,ss~, C~max,ss~, T~max,ss~, and t~1/2~. Between-regimen comparison was performed using the geometric mean ratio of AUC~0--24,ss~ and C~max,ss~, where regimen C (ie, IR formulation under fasting) was the reference. Likewise, the effect of food on the ER formulation was examined using the geometric mean ratio of AUC~0--24,ss~ and C~max,ss~ with (regimen B) and without (regimen A) food. To this end, C~max,ss~ and AUC~0--24,ss~ were log-transformed and entered into a mixed-effects analysis of variance model, where period and treatment were fixed effects.

Results
=======

Study participants
------------------

This study enrolled a total of 24 healthy Korean subjects, whose mean ± standard deviation age, weight, and body mass index were 30.8±7.4 years, 67.3±9.6 kg, and 22.7±2.0 kg/m^2^, respectively ([Table 1](#t1-dddt-8-123){ref-type="table"}). One participant withdrew consent on day 4 due to abdominal pain, and was included only in the tolerability analysis data set.

Pharmacokinetic analysis
------------------------

Itopride ER showed the typical pharmacokinetic profile of an extended-release formulation, particularly in the fasting state ([Figure 1](#f1-dddt-8-123){ref-type="fig"}), ie, C~max,ss~ was reached more slowly and was lower for the ER formulation than for the IR formulation (median 3.1 hours versus 0.8 hours for T~max,ss~; 244.4±94.4 ng/mL versus 416.2±141.3 ng/mL for C~max,\ ss~, [Table 2](#t2-dddt-8-123){ref-type="table"}). However, in the fasting state, once-daily ER itopride had a pharmacokinetic profile comparable with that of IR itopride given three times a day in terms of the extent of total systemic exposure. For example, AUC~0--24,ss~ under fasting conditions was similar between the two formulations, leading to a geometric mean ratio for ER to IR of 0.94, and its 90% confidence interval, ie, 0.88--1.01 ([Table 3](#t3-dddt-8-123){ref-type="table"}), fell entirely within the conventional bioequivalence range of 0.8--1.25.

Food delayed the time taken to reach peak concentration with ER itopride (4.4 hours versus 3.1 hours for T~max,ss~ with and without food, respectively, [Table 2](#t2-dddt-8-123){ref-type="table"} and [Figure 1](#f1-dddt-8-123){ref-type="fig"}). In addition, C~max,ss~ was increased when ER itopride was given with food, reaching close to the value seen with IR itopride given without food ([Table 2](#t2-dddt-8-123){ref-type="table"}). However, food did not affect the extent of absorption, ie, the geometric mean ratio (90% confidence interval) of AUC~0--24,ss~ for ER itopride with and without food was 1.12 (1.06--1.18) as shown in [Table 3](#t3-dddt-8-123){ref-type="table"}.

Eight subjects experienced a total of 16 adverse events ([Table 4](#t4-dddt-8-123){ref-type="table"}), among which four events in three subjects were considered "possibly related" to the study drug, ie, abdominal pain (n=2), diarrhea (n=1), and dizziness (n=1). All adverse events resolved without treatment, except in one subject who needed intravenous hydration to manage vasovagal syncope, which was not considered related to the study drug. No serious adverse event occurred during the entire course of the study. Likewise, there were no clinically significant abnormalities in laboratory tests, physical examinations, or electrocardiograms.

Discussion
==========

The present study shows that, at steady state under fasting conditions, the ER formulation of itopride has a pharmacokinetic profile comparable with that of the IR formulation in terms of the extent of absorption. For example, AUC~0--24,ss~ was similar between the two formulations, and the geometric mean ratio of ER to IR was 0.94 with a 90% confidence interval of 0.88--1.01 ([Table 3](#t3-dddt-8-123){ref-type="table"}), falling entirely within the conventional bioequivalence range of 0.8--1.25. As expected, the peak plasma concentration was 42% lower and delayed by 2.3 hours after administration of itopride ER compared with IR ([Table 3](#t3-dddt-8-123){ref-type="table"}). However, peak-to-trough variability in concentration was much smaller for the ER formulation; its pharmacokinetic profile was sustained and smoothened out ([Figure 1](#f1-dddt-8-123){ref-type="fig"}). These pharmacokinetic properties of itopride ER would enable therapeutic itopride concentrations to be maintained over a longer period of time, contributing to the antidopaminergic effect of itopride.[@b12-dddt-8-123] Collectively, the once-daily ER formulation of itopride will help patients to comply with the regimen while ensuring a systemic exposure comparable with that of the IR formulation.[@b13-dddt-8-123],[@b15-dddt-8-123]

Our results show that food increased the peak concentration of itopride ER by 75% and delayed the time taken for it to reach peak concentration, while AUC~0--24,ss~ was increased by 12%, leading to a bioequivalent geometric mean ratio of 1.12 (90% confidence interval 1.06--1.18, [Table 3](#t3-dddt-8-123){ref-type="table"}). Because food may affect gastric emptying, and thereby drug absorption,[@b15-dddt-8-123] a change in gastric emptying might have contributed to the delay in time taken to reach the peak concentration of itopride. In addition, itopride can alter intestinal motility, which may further modify the absorption profile of itopride ER.

Both the ER and IR formulations of itopride were well tolerated in the present study. Further, subjects did not experience any serious adverse events, and all adverse events resolved spontaneously without any intervention, except for one subject who required hydration because of vasovagal syncope that was not related to the study medication.

The present study had several limitations. First, it was conducted using an open-label design, in which subjective assessment of adverse events can be biased. To overcome this potential bias in assessment of adverse events, a standardized structured questionnaire was used in addition to subject self-reporting. Second, because this study was conducted in healthy and relatively young subjects, our results may not be fully representative of the intended patient population for itopride, medical conditions in whom could alter the pharmacokinetic profile of the drug. Therefore, future studies are warranted to adequately characterize the absorption behavior of itopride ER in patients with functional dyspepsia.

In conclusion, at steady state under fasting conditions, comparable oral bioavailability was found between itopride ER 150 mg given once daily and itopride IR 50 mg given three times a day. Food delayed the absorption of itopride ER, with no marked change in oral bioavailability. Itopride ER and IR were well tolerated. The smoothened-out pharmacokinetic profile of the ER formulation of itopride, along with its once-daily regimen, will increase efficacy and compliance with treatment.
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###### 

Demographic characteristics of participants

  ---------------------------------------------------------
  Characteristic    All subjects\       PK analysis\
                    (n=24)              (n=23)
  ----------------- ------------------- -------------------
  Age (years)                           

   Mean ± SD        30.8±7.4            31.1±7.4

   Median (range)   27.5 (22.0--48.0)   28.0 (23.0--48.0)

  Race, n (%)                           

   Asian            24 (100)            23 (100)

  Weight (kg)                           

   Mean ± SD        67.3±9.6            67.6±9.8

   Median (range)   65.0 (53.0--87.0)   65.0 (53.0--87.0)

  BMI (kg/m^2^)                         

   Mean ± SD        22.7±2.0            22.8±2.0

   Median (range)   22.5 (20.0--27.0)   23.0 (20.0--27.0)
  ---------------------------------------------------------

**Abbreviations:** BMI, body mass index; SD, standard deviation; PK, pharmacokinetic.

###### 

Steady-state pharmacokinetic parameters of oral itopride after once-daily administration of 150 mg of the ER formulation under fasting or fed conditions and after 50 mg of the IR formulation given three times daily in the fasting state

  PK parameter                Itopride treatment                     
  --------------------------- -------------------- ----------------- -----------------
  AUC~0--24,ss~ (ng · h/mL)   2,606.5 (812.0)      2,895.5 (867.7)   2,740.5 (829.3)
  C~max,ss~ (ng/mL)           244.4 (94.4)         426.2 (159.2)     416.2 (141.3)
  T~max,ss~ (hours)           3.1 (1.0--5.0)       4.4 (2.0--10.0)   0.8 (0.5--1.0)
  t~1/2,ss~ (hours)           7.4 (3.2)            5.9 (1.1)         5.2 (0.9)

**Note:** Data are shown as the mean (standard deviation) except for T~max,ss~, for which the median (range) is shown.

**Abbreviations:** ER, extended release; IR, immediate release; AUC~0--24,ss~, area under the plasma concentration-time curve over 24 hours post dose at steady state; C~max,ss~, peak plasma drug concentrations at steady state; T~max,ss~, time taken to reach peak plasma drug concentrations at steady state; t~1/2,ss~, elimination half-life at steady state.

###### 

Geometric mean and ratio of pharmacokinetic parameters for itopride in the ER and IR formulations

                                  Geometric mean      
  ------------------------------- ------------------- -------------------
  ER (fasting)                    228.8               2,483.7
  ER (fed)                        400.4               2,772.7
  IR (fasting)                    396.0               2,630.1
  Geometric mean ratio (90% CI)                       
   ER(fasting)/IR(fasting)        0.58 (0.52--0.64)   0.94 (0.88--1.01)
   ER(fed)/ER(fasting)            1.75 (1.60--1.91)   1.12 (1.06--1.18)

**Abbreviations:** ER, extended-release; IR, immediate-release; C~max,ss~, peak plasma drug concentration; AUC~0--24,ss~, area under the plasma concentration-time curve over 24 hours post dose; CI, confidence interval.

###### 

Treatment-emergent adverse events after treatment with itopride

  Adverse event                                          Itopride              
  ------------------------------------------------------ ---------- ---------- ---------
  Any adverse event                                      3 (12.5)   4 (17.4)   1 (4.3)
  Ear disorders                                          1 (4.2)    0 (0)      0 (0)
   Ear disorder                                          1 (4.2)    0 (0)      0 (0)
  Gastrointestinal disorders                             1 (4.2)    0 (0)      1 (4.3)
   Nausea                                                1 (4.2)    0 (0)      0 (0)
   Abdominal pain                                        1 (4.2)    0 (0)      0 (0)
   Diarrhea                                              0 (0)      0 (0)      1 (4.3)
  General disorders and administration site conditions   1 (4.2)    0 (0)      0 (0)
   General physical condition                            1 (4.2)    0 (0)      0 (0)
  Musculoskeletal and connective tissue disorders        1 (4.2)    1 (4.3)    0 (0)
   Musculoskeletal stiffness                             0 (0)      1 (4.3)    0 (0)
   Muscle tightness                                      1 (4.2)    0 (0)      0 (0)
  Nervous system disorders                               1 (4.2)    2 (8.7)    0 (0)
   Headache                                              0 (0)      1 (4.3)    0 (0)
   Vasovagal syncope                                     1 (4.2)    0 (0)      0 (0)
   Dizziness                                             1 (4.2)    1 (4.3)    0 (0)
  Respiratory, thoracic, and mediastinal disorders       2 (8.3)    1 (4.3)    0 (0)
   Dyspnea                                               1 (4.2)    0 (0)      0 (0)
   Sputum                                                1 (4.2)    0 (0)      0 (0)
   Rhinorrhea                                            0 (0)      1 (4.3)    0 (0)
  Skin and subcutaneous tissue disorders                 0 (0)      1 (4.3)    0 (0)
   Rash                                                  0 (0)      1 (4.3)    0 (0)

**Note:** Data are shown as number of subjects (%).

**Abbreviations:** ER, extended-release; IR, immediate-release.
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